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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ferromagnetic ZnO- 
based compound which is obtained from a light-transmitting 
ZnO-based compound and has the ferromagnetic property, 
and to provide a method for adjusting the ferromagnetic 
characteristics of the ferromagnetic ZnO-based compound, 
by which the ferromagnetic characteristics can be adjusted. 
SOLUTION: This ferromagnetic ZnO-based compound 
comprising a ZnO-based compound and at least one of metal 
selected from transition metal elements of V, Cr, Fe, Co, Ni, 
Rh and Ru. The ferromagnetic characteristics are adjusted by 
the adjustment of the concentrations of the transition metals, 
the combination of two or more of the metals selected from 
the transition metals, Mn or the like, the addition of a dopant 
or the like. 
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[IS*«1] ZnOlft^l;, V, Cr, Fe, C 

[|f*JS2] iWf5S^&Jg5tm, T i , Mn&itfC 

GZtlXteZmXm 1 IE«W3£i&ttZ n Olft^fc 

3 ] n K-^ ^ h *J i p ff2 ° ^ h <75 
t K-t°^£ftT#5if#iS 1 Stilt 10 

2f£gtt>®8H4Z nOHk^„ 
IW*JS4] ZnO^{fc£-$UC (1) V, Cr, F 
e, Co, Ni, Rh£ < fct>'Ru<£>g;f£&Jg5£StJ;>9& 
5^/4* ?> ill* P>;fc,3'>&< t <b l«ro^Jl7Em, 
(2) huES^JRtc^, Ti, MnioJ;t>'Cu,t>)& 
Z>mtifribMtfbinZ')>te< h t 2«w&ji7t9if, fed: 
(3) BfJlE (1) Sfcfi (2) n^K-^>h*5 
J;t>* P ff2 K-^v h<D'>&< £ m^-ftifrzm 

flPU HUES^JR^, Ti, Mn, CuttzitnM 

h'-;<>bhL<t*pMh*-/^ h<Dm&<nmm, tat 20 
[w*«5] mmmmnmrn. &xvmm (2) ^ 

iE$ft£&Jg5cm<£>jja£--t!:<D 0 < £ h 1 ool- 

itic j; <3, ^ttwas^^fswMStciss-rsfS* 

Hf*ii6] mm (2) f^?ijta$n-5^:JS7c^^'>^ 

[f»*«7] Mia (2) (c?ijia$ix5^a^^>^ 
[it*Ji8] mm (2) (^ijtE$n5^ji7c^^>^ 

#Jl4fE$c<OS§g*fe, 
[0 0 0 1] 

O^^^ICV, Cr, Fe, Co, Ni, Rh, Ru 
£3m$l£3*l£iSlttro$»feZ n O^-fb^fc XV* 50 
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t x.«^ttte^a«/i k'<Dffim<nmm&¥fmmt>ti 

■5 3£B&tt Z n O mt&tote X tf* ©^B£tt#tS»^S* 
[0 0 0 2] 

[0 0 0 3]—*, ZnOlftm Z<D/<yV*cT 

•9, Zn0^ft#^<7?3fiiKtt^ti©^{i^$nT^ 
[0 0 0 4] 

[*W*»*LJ:5-4:-rS«!RH] ZnO 
h ^^#V>Z n O&ikG-® 

[0 0 0 5] £ibl', Wifi©J:5 4*tJaitU Kftltt 
^-a-, ^ttte^iBS (^^y-^ag) *3t»fiai+l-«t 

[0006] r©±5**iRi-«*T4*ix 
tt*s»?>ix5»attz n o*{k^Sr«tt1-5 r. <t ^ S 

[0 0 0 7] ^^rofriicoswii, 3fi»ttZnO»fk:# 
-t©»«tt«H4SrWS-t5 r <!r ^T-# 53SJ8ttZ n 

[0 0 0 8] 

Ti, V, Cr, Mn, Fe, Co, Nifti'tO® 
^JSS^Ii, Zn^t^itia<, Zn©5 0% 
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:©Mn©fftl (dfi^5<@) ±9* — 
^*fctttt-T-tr*lini-* (^£i#-*»Lfc9«S>1-) r 
J:lc«fc9, 3ft«tt»tta«#&ix5wi:, MnJ;f5d«^ 
#'>fc <^Cr, V ft z n 0%fcg«£ft£ $ * 

tmhtl, Fe, Co, N i ££frZ nO?Mfc6tt£ft 

<OSft**S»f>ixSw £, SrjlfflU V, Cr, Fe, C 10 
o, Ni, Rh, Ru/it'OS^JgTt^^Z nOlft 

[0 0 0 9] ^LT, fefc»*tfelf«rfi 

ftfci^, Ti, V, C r , Mn, F e, Co, Ni* 
t'OS^J15c^{i, ffi^* tVs = 5/2, 4/2, 
3/2, 2/2, l/2^t>o«^t°^ffit^9, 

Lfc 9, nJB*Jj;V/*fcf±p 20 
JF^O K-^^ h frSftP Lfc 9 -f 5 - t K i 9 , ^att$S 

*£U:«:*KWfc»*-*-Swi:fc.fc9, 0fMO7^/u^ 
*»»«-^«^W-&S:IMI-t-5 - ic i 9 , jfrSwBSm 

[o o i o] **wmJ:S3iH»ttz nomk&Voi-i, z 

nO^fb-a-^ItC, V, Cr, Fe, Co, Ni, RhtJ 

[0 0 11] IllCZnO^feili, Zn«r^tp» 

LTfiZnOWffi. IIAK5E^tZn, 
SfcttllB&Ttljii Z n, *fcttIIAS)OT**JJ:tMlB 

•5 0 40 

[0012] z<Dmmz-f-zzt££9. m&<om&& 
&zmft-rztm^ %v>mm&*mw\,t£&b. Mn 

[0 0 13] BiitES^M7C^, T i , Mnfcil/Cu 

*-A'*fcf4ti^-* K-yi-siu t>a:g 50 
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[0 0 14] n^K-^<>-hi3«J:i>*pJKK-^vhro/> 

[0 0 15] *«MlC«tSZnOmft:-&«©»Bttt«rtt 
©PR*ft»4, Z nO^fk^lC, (1) V, Cr, F 
e, Co, Ni, RhtS£V i Ru<Dm&&m7tm£i9te 

(2) HfFlSS^#m7C^, Ti, MnioitfCuJ^ft 

V (3) iffE (1) (2) n»K-^H8 

iVp^K-^y r-©'>fc< <t t— 0n*i*fta»«:8& 

JPL, HifieS^JlTC*, Ti, Mn, Cu*fclin« 
K-/<v h t> L < ft p ff$ b'-y< y h <z>iggtf>p6, * it 

[0 0 16] ^Wicti, mlfBigS Mnft 

ffrie (2) icME$*i/6&*7c*©ia-g-&©5*>, 
<Hi o©*Slc «t 9 , Si^ttte^iagSrMSroMS 
iciftsrir^tt^ Sute (2) ic?ijfa$ns 

/u^-^ISS1-S<b*(c, SE&JR5c*S#t±9*A* 
ttfc * —A> * (c J: 5 illfji ^/u df- \c X o T ^ 

ffc$*5ri:*s-e*, Buffi (2) \cmm&tiz>& 

[0 0 17] $e>|ci, SulE (2) I^Ufa^ix-S^JSTc^ 
*'>*<i:t>2a«±«fi$-e:, K&«5c*a*JcJ:9 

[0 0 18] 

wlSS*&{-ov>-C|ji^^-rs 0 *B9JlcJ:S!lURttZ 

nO^ft-a-^H, ZnO^ft-^^HC, V, Cr, Fe, 
Co, Ni, RhJ3j;t>'Ru(D^#^Jl7cm < t9^5» 

[0019] BUiiro«t 5 IC *%W#ib»4Z n OfL-a-^ 
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V, Cr, Fe, Co, Ni, RhfciTOuOl 
K3&Ba4£^1-Mn «fc 5 3 d tt?d*Jitt 
-far 4: let *K H2lcR3lrt8tt«)^«C3i*/u*-i:3fi 

nO©Znl:»U25a t %ro^!lT'fc-5^, 
irLTIi, U #< L"Ci>|q 

9 a t %, iff * L< Yi 1 0 a t %~ 8 0 a t %T*fctL 
[0 0 2 0] iOJ:5J5c*»Afl7C**^i-*ZnO 

m<nffl&$LW®fr7F&ti?>£ 1.3 3X10"* p 
aSiSrojei«JISS:«l«r-e#5f-ir^-lrt«)«ffi* 
yuy- 4 ,d N t ;ttf If 7 r -f T * if *» b ft -5 Z n Oft 
^•**riifti-5«Si5Sr»«U t-* 7[c«fc 9S1S5 20 

*Sr*fifei-S7c*O»»(y-^«0ZnS:Aixfc , fe/i'2 
a, F efc£<D»t£&*7C*&A*Lfc-lrA' (HBL*^ 
StltV^/fl^, 2«|gJW±Sr^$-fr5®^l4 2|By 
±K»te>ixT^5) 2b, n»K-^hOGa, A 
I, I n&i*£Atifc1r/U2 c, 7S?#A'»*0*iJ:tf 
7 ^^^^NSr^^-tirSRF^ J^/u-fcA' 3 a , 
3 b#Rrtfc;h/C^5. ftfc, z n^^&JRfcifroB 

[0 0 2 1] fc*S, @# (*&) SrA*l5-fe^2 a~2 

Kffli L-cii» SS9 9.9 9 9 9 9%o@ft;y-^ 
tr*H4KfcU O»±Oi$:liifi*0>RF?S?#A'-fc 
/M£«fc 9 Lfc 9 9 . 9 9 9 9 9 %<DW^^U^ £ 40 

fflV\ N'*fcl4Bj&RflR0>Nitt, Ni^f-tL<liNi 

5„ 

[0 0 2 2] ^LT, ZnOSr)Jfi$tWb, n^K 
— b<DG a Sr^ftl. 3 3X10"* Paf« $ P>(C 
pSK-^V-hT'fc-Sli^N^e. 65X10"* Pa 
T\ fc ixtfFe OS^S^JStcKI 1.33 

X 1 0" 5 P a T\ ra^CS«5±fC«EL/«C^6, 3 5 0 50 
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~75o ■c-cBfcs-f 5 r t ic i 9 . m®&mKmzm:£k 

3*fcZnO»R6&J*££*5^i:#-C#3. W-t© 
ttH-CWu nff$ K-^V h^pff^ K-^> h£ K-t°V 

Sli3J:O ; 2<750iJI4 x ^-fix<7) K— 

Lt£\,^X\ Mn, Ti, C u **tf K— 

[0 0 2 3] rO<t5iCLT, V, Cr, Fe, Cofc 
iVN i Zfe&ZittlZ nOmmtt. 12 2 (CTj^ft-S £ 
V, Cr, Fe, CotoXUN itK S3&8£{4^ 
*/u=¥- 1 aHKtt:c* kvmbE fr%tl?tl 2 0 
X13.6meV x 15X13. 6meV, 10X13. 
6meV, 14X13. 6meV, 18X13. 6meV 
mSB&fpLX^6Z.k#to&. fcfc, II 2 
(Of-;?!!, SIlfiRSSr* (Ift^A^7^-^ 

[00 24] - Z n 0{frg*K»£&*7C* 

£ K-y$*fc^, ZnOCZnW-WMg^Cd* 
^©te©IlK5c*tlllftLfcZnO»fl:^*-et» Zn 

[00 2 5] *|6MW3feet4Z n 0*flS**fc ±*Ul, 
Z n t W *>*S3i«Htf CT C©»»&«5c3(l«:«fi 

$ixT, 9A>yT4 h«ifiS:«l«ri-S. Ld»t, Fe4 
^©a(fJ£©»»AK5cK{ll, Mn it) d«^-is*JPi-5 
^«jgt-^oT*3 5, 0 2(c^$tx,S£5l-, 

ZnO»4, ^ili-r5*i*3J;U t 2lct*$n5J: oic, 

znm^-tisb&xzK, tztz-tfF ew (am 

*-^yh2 X 9.2 7 4 J/T (2/xb) ) £UA#* 
H ; e-^yF4.04X9.2 7 4 J/T (4.04/*. 
(JK-T8H-) ) c7)F e^ZnO^(t^#}74qf 

[0 0 2 6] o#*tc, »»&«5c*©»*S:*A.5w4: 

icisaftWttoaEftSrw^vt. was© 2 5 a t%jg£ 

©S^JS7C^S:^$-ti:/tt>©©ft!ll^*S/i s 5 0 a t 
%©t©^fP»L. til-pJh^Bt**-^ (X9. 
2 74 J/T) ) *J«tO«SftB^4^aS («K) 

tz 0 m%*-* > b&±TfmmmK&u$ti*s qu i d 

(superconducting quantum interference device ; fii 
[0 0 2 7] 
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2.4 2 


4 5 1 


Cr 
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3.80 


6 0 0 


Fe 
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4.04 
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Co 
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Ni 
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3 8 9 
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8ft(atK) 
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5 0 


2.5 8 


6 8 1 


Cr 
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Fe 
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Co 
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Ni 


5 0 
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6 9 8 



HuitiWi5(c, m&&m7tmtes a^e^s = 5/ 

2, 4/2, 3/2, 2/2, l/2^toI^tV^ 20 

tv^tss^ffl t %n&&m®umzmmu mm 
«, 1 5 omK£x±ict£Z£o{zi-zz tnK um±.m 

[0 0 2 9] £?>{C, *«w#e>n, -^lbO®#^|| 

Mn FetMni:^tt2 5at%i 

U Feiih Mn.ZnoB O© x IMk^-tt 
fc 0 ^rW^*, 0 4 (a) £ §£B*ttte 

»ia«S:*#<*fls$*5wis-c# v x = o. l 5T-0 

SKt-rsr x = o~o. 1 5<£>®ia£ii;£ 

*fc N FetCo^il:^tt2 5a t% 
^f B $-tir, Feoa-, Co.Znw 0<Dx&M*^t 
£i£3t, 04 (b) (C^$nS<t9l-> KBSttOttfll 

[0 0 3 0] Btji£o=§-0|ii > 9d^A5c*«r 2««£U: 
n Jf2 K-'O h * It it p K-'< ^ h €• K-y LT 

m^WcAt), *©iS<£fc3ffl£&R7c*0>d«*K 50 
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{fMB-f 5fc«>, &-fLfc K-tV^Sixfc K— hit 

*o**^xfPJli-«i thrift 64v^, dlf^© 

©F efc£e>fcCo&^1-i©£R«©a*as#e> 
tt, F e p » K-/<> h 5r K-^t 5 r i li, mf 
j£cDF e |iMnSraS*P-r5©i:lR|«©a**S»b*t5. 
[0 0 3 1] fc t *. tf n JB K-zO' h 4 tzl* p K-/< 

) - (^BSttW^^/U^-) =4E«f 
fbWMTefcSMnSrZ nO»C»ft$-B:fc0!|-e, *tttt 
& K-f ^^Lfct#0^«**« (a t%) IwM-TS 
AE©H««:BI5lcjj*1\ 51- 1 0%Sff£l±© 

[0 0 3 2] n»K-^hfc LTtt, B, A 1 , I 
n>Ga, ZntL<liHSrttfflt5Ii^tt, K— 

fcT-f 5. K-f"— M&t LTfi, lxio" cm 

" 3 W±T*fc5C fc##SLV\ fcfcjttfl O 20 ~l 0 2 ' 

c m" K-^-rntf , mmnfegkm'fr'D 1 ~ 1 o 

j£©±5^N**fcttBie«liroN.-eife5IR-¥-ttNS:ffl 
^5Ii:^t#5o rcD^-a-, p^K-^vKfiK-f 

[0 0 3 3] *blc«it«iS*tfiia^«S 

■*-5ft/h©«K*«»«5, )lfH-t-3®^JR7c^^2« 
JH»±«£1-6 w tic J: 9, *<oa-f3toft/h«EfiS:W 

t>h. 0fSW&fi(D3t*Sii$-ti:5^tt©Z nO^fL 
•g-^^^^ixSo Hu3£<7)#^^Jg7C^* 2 5 a t%Z 
n O icfiA i: # roii-r)t(DS/J^ft»i* 3 {ZTjk-t 

[0 0 3 4] 
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(nm) 


ZnO : V 


2 5 


3 7 5 


ZnOiCr 


2 5 


42 6 


ZnO : F e 


2 5 


4 1 2 


ZnO : Co 


2 5 


4 1 5 


ZnO : Ni 


2 5 


3 9 0 


ZnO : Mn 


2 5 


48 5 



[0 0 3 5] ^Ktcifttf^&iSftS 
^JS5E^ g If ft ir'fc i <0 mA£titz*-/i>£ tzitm^-<D 
m®^*^*c-lc£oX, £^ Sr^fc £-£-5' 

[oo36] m^<nmx\i, m&&m7tm*tt-t% z 
nomik'B-V'Kon^&f&sg-rzjjfek lx, mbe 

-f-^t^df-v— ) ^g^ffl^fcd5, MOCVD {^m 

&m<t¥%ftbm) ^mx i>mm^»m-tz> z t as-et 

5„ Zn^l^jg^t'o^JSW^ii, tzt 

fvn&i&fc t'<D^m&mik-&® tLx, mo c 

d ^ffivtrnxtm-tz ^ t &x 
mw.<Dmmxm&&m7cm?£¥*\ ; -z°>yi-z>z 30 

[0 0 3 7] S^m7C*^O^b^^i|Sf* 
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t LX b'-7i-z>®£, 7v>*8u U— Xi&, *fc 
»4*-T-jftlc <fc o LT^^CIc-r ^ E C R 7 s y 

3„ reo.fc^&ECRT'yX-^&ffl^S - jgi 
[0 0 3 8] 

&m5cmz'£mts-£z>tzvx\ mm#i&&tsm>tit> 

*, -f TidHS LT ^5 n JK4o J; t>* p ^oS^flHf £ 
5 rile £9, K^f a -? *»*g*3te«$5K», 

[0iB«)IB*4iaW] 

[01] **W©»«ttZn05Kft-g*»IBt^*i-5 
[0 2] V, C r/ii:'©IMI?:ZnOlcli$tf; 

[0 3] zno\zm§,zi£5m&&m<om&&mz.tzk 

0T'£>5„ 

[04] 2«««±<0W^«7c3lt&fia3-frfci:#<B 

[05] Mn£#Ji: L1tnM*5£Vp1&<D K-^V h * 

[f?^4>t&9!] 
1 ftV/<- 
2, 3 -feyu 

5 &K 

6 »»&ISSr#Wi-5ZnO»K 
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